Digital filter construction method, which is optimal by parametric sensitivity, based on using of non-canonical hypercomplex number systems is proposed and investigated. It is shown that the use of non-canonical hypercomplex number system with greater number of non-zero structure constants in multiplication table can significantly improve the sensitivity of the digital filter.
Introduction and problem statement
The general approach of using hypercomplex number systems in the construction of the amplitude-frequency characteristics and filter sensitivity calculation is already described in [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Canonical hypercomplex number systems (HNS) are mainly used in these studies. In this article the attempt was made to develop the methodology for digital filters synthesis in more complex HNS, which contain larger amounts of non-zero structural units in their multiplication tables. As it is shown, this approach allows us to synthesize the reversible digital filters with better parametric sensitivity performance.
Equivalenting of digital filters with real coefficients and hypercomplex coefficients
In this article the method of synthesis filter structure by converting the digital reversible filter of n order with real coefficients to the digital reversible filter of the first order with hypercomplex coefficients will be used, described in detail in [4] .
Consider a digital filter of order 3 with real coefficients, which frequency response is: 
but with hypercomplex coefficients
which belong to some HNS of dimension 3. In (2) conjugate and norm N are defined in accordance with the formulas defined for HNS, which is used.
Lets consider non-canonical HNS of dimension 3 with multiplication table:
.
In the given 
As it is shown from the systems (3) and (4) comparation, calculatons in the last one are much easier. This fact can be used to enhance the digital filter performance. 
Consider the process of obtaining the coefficient values Total parametric sensitivity of a first-order filter with hypercomplex coefficients in HNS of dimension 3 is defined by the formula: . Then, total parametric sensitivity of the filter with hypercomplex coefficients will be built by the formula (9).
Its graph is represented on Fig. 1 . Fig. 1 . Total parametric sensitivity of the filter with hypercomplex coefficients.
The total parametric sensitivity of the filter with hypercomplex coefficients to the total parametric sensitivity of the filter with real coefficients ratio plot is presented in Figure 2 . Fig. 2 . Ratio of the total parametric sensitivity of the filter with hypercomplex coefficients to the total parametric sensitivity of the filter with real coefficients.
As it can be seen, in this case, the hypercomplex filter sensitivity is much higher than one of a real filter.
Parametric sensitivity optimization
As it can be seen from (8), the filter parameters is very complex. Therefore, its optimization is an independent honest task.
To prove the described method efficiency of digital filter synthesis is sufficient to find the approximate optimum, which is possible to be done by the construction of a function threedimensional graph, which used procedures of analytical calculations MAPLE. At the same time it can be a multistage procedure: first select the wide scope of the search, then it narrows. Accordingly, on Fig. 3 . a wide-range search area is presented, on Fig. 4 . -narrowed one. The sensitivity of the filter with hypercomplex coefficients in ) 3 , (e  system to the sensitivity of the filter with real coefficients ratio is shown on Fig. 6 , which shows that the hypercomplex filter sensitivity is lower than the one of the real filter. Fig. 6 . The sensitivity of the filter with hypercomplex coefficients in ) 3 , (e  to the sensitivity of the filter with real coefficients ratio.
Conclusions
Thus, we have shown that using the non-canonical HNS allows to reduce the total parametric sensitivity of the digital filter. At the same time, precise optimization of the target function ) , , (
b a S RCS  requires additional research.
